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XRD Studies on ALD ZrO 2 thin films
• Crystal structure -film thickness dependence is studied by wide angle x-ray scattering WAXS
• The 62 Å films is found to be predominantly amorphous.
•XRD spectra of thicker films are consistent with tetragonal phase of ZrO 2
How to Identify the Phase of Thin Films by X-ray Absorption Spectroscopy (XAS)
• L 2,3 edges of transition metals (T) serve as a direct probe of empty T-d states, as well as the crystal structure • XAS of ZrO 2 /SiO 2 /Si compared with reference materials of known crystal structure • Zr-L 2 , L 3 edge measurements provide a convenient tool for identifying the structural changes in ZrO 2 films.
• XAS L 2 and L 3 edges of Zr are dominated by transitions into unoccupied Zr-4d states.
• Thin film (53 Å) spectrum is not consistent with any of the known phases of ZrO 2
• XRD on thin films indicate amorphous structure • The spectrum for the thicker film (81 Å) is consistent with that of the tetragonal phase.
• Spectrum obtained for the 53 Å films following 600C thermal anneal is consistent with that of tetragonal phase.
• Zr-L 2 edge measurements provide a convenient tool for identifying the structural changes in ZrO 2 films. • Thermal anneals resulted in phase change as apparent from the XAS measurements
XAS Studies on

Amorphous Tetragonal
• Two important trends:
•Thickness •Thermal anneals
•As thickness of the as-deposited films increase above some transitional value, bandgap increases from 5.1 eV to 5.5 eV.
• The bandgap of the thin sample increased after being annealed to 600C Spectroscopic VUV Ellipsometry Simplified phase diagram of optical band gap versus optical thickness (small but important portion of phase space)
• In this thickness regime, there is a transition from an amorphous to a tetragonal phase • There is some transitional value (65-75Å optical thickness) at which this occurs. Origin of observed band bending -Electrostatics ------
Difference in electronegativities (Before contact) (After contact)
• Electrochemical potential equalization results in charge transfer to silicon, therefore band bending occurs to accommodate this charge
• If the local workfunction at the surface could be probed, we could learn about the changes in the electrostatical potential (e.g upon FGA) Comparing black and red traces with theory in the range 650-850 cm -1 .
• The two thin films (49, 62 Å -black and red traces) were found to be amorphous by XRD and XAS whereas the two thicker ones (76, 93 Å -blue and green traces) were tetragonal. • The features in the 850-1000 cm -1 are common to all spectra suggesting that these features not related to the phase of the film. • The frequencies of the two main features are ~700 and ~750 cm -1 in FTIR spectra. Also seen two bars (more intense than others in this frequency range) approximately at these two frequencies (~700 and ~750 cm -1 ) .
